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In 2009, pandemic influenza A (H IN 1) virus (H1N1 09) started to spread quickly in 
many countries. It causes respiratory infection with signs and symptoms of com- 
mon infectious agents. Thus, clinicians sometimes may miss the H1N1 patient. 
Clinical laboratory tests are important for the diagnosis of the H1N1 infection. 
There are several tests available, however, the rapid test and direct fluorescence an- 
tigen test are unable to rule out the influenza virus infection and viral culture test is 
time consuming. Therefore, nucleic acid amplification techniques based on reverse 
transcription polymerase chain reaction assays are regarded as a specific diagnosis 
to confirm the influenza virus infection. Although the nucleic acid-based techniques 
are highly sensitive and specific, the high mutation rate of the influenza RNA-de- 
pendent RNA polymerase could limit the utility of the techniques. In addition, their 
use depends on the availability, cost and throughput of the diagnostic techniques. To 
overcome these drawbacks, evaluation and development of the techniques should 
be continued. This review provides an overview of various techniques for specific 
diagnosis of influenza infection. 
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The 2009 pandemic influenza A (H1N1 09), a major cause of health burden, has 
gained worldwide attention of scientists for better diagnosis and treatment. It is 
one of the important causes of acute respiratory infection and causes disease in any 
age group. However, the infection rate is higher among infants and children. 1 " 4 It 
also accounts for other complications like pneumonia, viremia, myositis, myocar- 
dial dysfunction and encephalopathy. 5 The H1N1 09 spread in 214 countries with 
more than 18306 deaths. 6 Developing countries are comparatively at more risk be- 
cause of lack of hygiene, overpopulation, poverty and scarcity of modem tools for 
the diagnosis and treatment. The influenza virus is known for continuous antigenic 
change through antigenic drift and shift. 7 This property of the virus has a signifi- 
cant effect on prevention (vaccination), diagnosis and treatment. Although an emer- 
gence of new strain of the virus cannot be stopped, its spread from the origin might 
be limited by preventing country to country transmission. It has been reported that 
more than 90.0% of cases of H1N1 endemic occurred in England by in-country 
transmission. 4 - 8 From the 2 pandemics (Severe Acute Respiratory Syndrome and 



560 



Yonsei Med J http://www.eymj.org volume54 number3 may2013 



Laboratory Diagnosis of Influenza Virus 



H1N1 09) in the last decade, it is clear that rapid identifica- 
tion and proper surveillance tremendously help respond to 
the outbreak in short time, providing security to global pub- 
lic health. 

One of the major preventions from circulating strains of 
influenza virus and the complications associated with the 
viral infection is by vaccination. As the virus is seasonal, the 
vaccine needs to be prepared according to the prediction 
that certain strain would circulate in a particular season. 9 
Also, antiviral agents against influenza are found to be ef- 
fective when used early in the course of illness. There are 
four drugs available against influenza virus: amantadine, 
rimantidine, zanamivir and oseltamivir. 10 Some studies 
have reported the resistance pattern of the H1N1 09 virus to 
amantadine and oseltamivir." 13 Rapid detection of such re- 
sistance is clinically important in reducing the time between 
diagnosis and initiation of individualized therapy. There- 
fore, close monitoring of the prevalence of antiviral resis- 
tance and discoveries of drugs and potent vaccines are nec- 
essary to control influenza burden. 

Another important aspect of controlling influenza burden 
is early diagnosis. However, diagnosis by a physician is dif- 
ficult because many of the respiratory viruses produce simi- 
lar symptoms like influenza. Therefore, clinical laboratory 
diagnosis is mandatory for correct and early diagnosis. Al- 
though several tests have been developed to detect influenza 
viruses, they have different sensitivity, specificity, through- 
put, cost, availability, and other factors involved in from pre- 
analytical to post-analytical stages of clinical laboratory test- 
ing. These factors play a crucial role in the selection of 
diagnostic test method in the clinical laboratory. Use of 
highly sensitive and specific test to yield accurate result in 
relatively short time is beneficial to patients by reducing the 
adverse effects and complications with the use of appropri- 
ate drugs and antiviral therapy on time. 14 



LABORATORY DIAGNOSIS OF 
INFLUENZA VIRUS 



Sample 

For the influenza detection, nasopharyngeal (NP) swabs and 
NP aspirates are the best choice of samples. 5 To collect an as- 
pirate, small amount of sterile saline is applied into the nose, 
and suctioned to collect the resulting fluid (saline and mu- 
cus). Then, the sample is put into a special container with 
preservatives for the organism for delivery to the laboratory. 15 



The NP swab is collected by inserting a Dacron swab 
into one of the nostrils until resistance is met (about 1 to 2 
inches in), then rotated several times and withdrawn. Doc- 
tors usually use NP swabs on adults and nasal wash or aspi- 
rate on a child. In some situations, a doctor may use a throat 
swab, but this contains less virus than an NP aspirate, there- 
fore, may not be suitable for use in rapid testing. For anti- 
body testing, a blood sample is used. 15 Furthermore, the 
sample with long storage with repeated freezing and thaw- 
ing has been found to degrade viral RNA or cDNA, and for 
samples with low viral copies, degradation may limit the 
quantitation by polymerase chain reaction (PCR) tech- 
nique. 16 However, samples with high viral titres do not limit 
the quantitation after several freezing and thawing cycles. 



TESTS TO DETECT EVFLUENZA VIRUS 



Serological diagnosis 

Antibodies are produced after the onset of influenza virus 
illness and can be detected using serological diagnostic tech- 
niques like hemagglutination inhibition assay (HIA), en- 
zyme immunoassay (EIA), complement fixation, and neu- 
tralization tests. 9 One study reports that the antibody titer 
reaches peak within 14 days of illness. They found more 
than 80.0% of reverse transcription polymerase chain reac- 
tion (RT-PCR) positive influenza virus to seroconvert by 
using the HIA or virus micro neutralization assay. 17 HIA is 
found to be useful to prohibit vaccinations when there is 
likelihood of severe reactions during the next outbreak of 
H1N1. 17,18 However, this method is not regarded as effec- 
tive diagnostic tool because it is not a convenient method as 
it requires two serum samples with accurate timing and also 
has longer throughput. 9 Therefore, Centers for Disease 
Control and Prevention (CDC) does not recommend this 
technique for the diagnosis purpose. In addition, the test re- 
sult is not interpretable with possibilities of misguidance in 
clinical decision making. 19 

Viral culture 

Although viral culture is time cosuming, it has been the ma- 
jor technique to detect the influenza virus for many years. 20 
For instance, monkey kidney cells, Madin Darby canine 
kidney (MDCK) cells and A549 cells are used to detect in- 
fluenza viruses. After inoculation, the viruses cause cytopa- 
thology, which is different according to the cell type used. It 
takes around 10 to 14 days to get the result which delays ini- 
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tiation of antiviral therapy or infection control methods. 9 - 21 22 
Human respiratory epithelial cells are also known to en- 
hance the growth of influenza virus. 23 The shell vial culture 
(SVC) method was introduced in 1990s. 24 The combination 
of SVC and certain monoclonal antibodies have been found 
to decrease the turnaround time along with increased sensi- 
tivity and specificity. 25 On the other hand, a commercial R- 
Mix cell (Diagnostic Hybrids, Athens, OH, USA) is found 
to be more sensitive than the other cell culture techniques. 
It's a cell mixture containing Mink Lung epithelial cells and 
A549 cells. The use of this cell mixture can give result after 
24-48 h of inoculation. 26 R-mix Too is another cell mixture 
of MDCK and A549 cells. It can detect respiratory viruses 
and amplifies their replication. In order to identify H1N1 09 
specifically, the kit named D3 Ultra 2009 H1N1 Influenza 
A ID kit (2009 H1N1 ID kit; Diagnostic Hybrids, Inc., Ath- 
ens, OH, USA) is developed which utilizes the R-mix Too 
cells. This method uses immunofluorescence method for 
the specific diagnosis of H1N1 09. 27 

Although the viral culture method for the detection of in- 
fluenza virus is adopted in many clinical settings, newly 
available rapid tests and PCR-based tests are gaining popu- 
larity for their fast detecting ability with comparatively more 
sensitivity and specificity. Rapid tests are known to have 
50.0-70.0% sensitivity in comparison to viral culture meth- 
od or PCR-based methods. 28 One study revealed a similar 
sensitivity and specificity between rapid antigen test and vi- 
ral culture technique, however, the PCR-based assay had 
more sensitivity and specificity than other tests. 29 The speci- 
ficity of the rapid tests has been found to be 90.0-95.0%. 14 
As the rapid tests results depend on the viral titer, a sample 
with lowest virus titer should be processed with the PCR- 
based assays. Most importantly, PCR technique has been 
found to yield high sensitivity and specificity in adults who 
have low titre of viruses than children. 30 



RAPID INFLUENZA DETECTION 
TESTS (RIDTS) 



Every patient and clinician wish to know the causation of 
disease as early as possible after the illness begins. To meet 
this aim, rapid tests to detect influenza virus have evolved. 
In the past decade, several tests have been developed and 
the use of rapid tests is found to flourish day in day out. This 
is true because of their ability to provide test results within 
about half an hour with easy interpretability. Although these 



tests have not been able to gain trustworthiness because of 
several limitations like frequent false positivity and false 
negativity, they are known to yield better results with sam- 
ple having higher titer, as in children than in adult cases. 31 
Especially in developing countries where the PCR technique 
is not available in primary health care settings, they aid in 
clinical decision making and have been found to be used 
solely for diagnostic purpose. These tests are handy and also 
known as near patient or point of care testing methods. To- 
day's focus on rapid identification of influenza should be 
centered to increase the sensitivity and specificity of these 
tests, so that they can be of potential use in early and accu- 
rate diagnosis of influenza. 

The commercially available rapid antigen tests are most- 
ly immunoassays that target the antigen of influenza virus. 
However, they have relatively poor sensitivity in compari- 
son to virus culture technique and PCR-based assays. In 
one study using QuickVue Influenza A+B (Quidel) with 
reference as RT-PCR, they found the sensitivity and speci- 
ficity for the detection of H1N1 09 was 20.0% and 99.0%, 
respectively, suggesting the use of RT-PCR for the clinical 
diagnosis. 29 Other studies have, however, found its sensitiv- 
ities up to 51.0% and 53.3% in comparison to RT-PCR. 32 - 33 
In another study using two rapid antigen tests, BD Directi- 
gen EZ flu and TruFlu, Meridian, they got a better perfor- 
mance with former kit than the later one. The sensitivity 
and specificity for H1N1 09 detection with BD Directigen 
EZ flu was 20.6% and 99.0%, whereas those of TruFlu, 
Meridian were 9.7% and 98.2%, respectively. 34 Tsao, et al., 35 
recently analyzed four rapid tests, namely BinaxNow test, 
QuickVue test, TRU test, and Formosa Rapid test, and 
found their detection limit to be lower than that of RT-PCR. 
Nevertheless, they found the sensitivity of Formosa Rapid 
test to be similar to QuickVue test, relatively more sensitive 
than the other 2 kits for H1N1 09 diagnosis. Furthermore, 
another study using SD Bioline Influenza Antigen Test® kit 
found a poor performance, with sensitivity and specificity 
of 44.0% and 99.9%, respectively, for H1N1 09 diagnosis. 36 
In contrast, a recent study has revealed 90.0% sensitive Ac- 
tim Influenza A&B kit (Medix Biochemica, Joensuu, Fin- 
land) for the detection of influenza A virus among 1-3 years 
old children. 37 The test performed with QuickVue influenza 
test in 6 months to 14 years of children showed 67.5% sensi- 
tivity and 96.0% specificity for influenza viruses. 38 This indi- 
cates that pediatric group have generally higher viral load fair 
enough for the kits to detect the virus in comparison to adults 
or other patients. The next important thing about the rapid 
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kits is that their sensitivity and specificity are inconsistent. 



IMMUNOFLUORESCENCE TESTS 



In comparison to PCR-based assays, direct fluorescence an- 
tibody assay (DFA) confers cheap and fast result, although 
it is not as sensitive as the PCR test. Several studies have 
been performed especially surveillance ones, solely based on 
the DFA test. 39 The technique involves the staining of cells 
from the sample, followed by bioconjugation of antibodies to 
the fluorescent dye. The time frame to obtain the results is 
between 2 and 4 h. 40 - 41 The sensitivity of the DFA tests for in- 
fluenza virus is found to be between 70.0% and 100.0%. 
Similarly, specificity ranges from 80.0% to 100.0%, 22 indi- 
cating that the sensitivity is comparatively higher than that 
of rapid antigen detection kits and lower than the PCR tests. 
This means that the negative results need to be confirmed 
by the PCR-based assays. Although some studies recom- 
mend the use of DFA as well as SVC together, to increase 
the sensitivity of the test by 5.0-15.0% than the DFA alone, 
multiple virus infections cannot be ruled out. 22 Recent study 
has shown that, particularly for H1N1, the sensitivity and 
specificity of DFA were 62.0% and 100.0%, respectively, 
when compared to RT-PCR, with variability in age. The 
performance of the test was better with children below 10 
years of age, whereas the sensitivity of the test decreased 
with persons above 30 years of age. 42 In contrast, the sensi- 
tivity of DFA was 93.0% with adult in a study by Pollock, 
et al., 41 in 2009 for H1N1 09. In another study, the sensitivi- 
ty of DFA is shown to be lowered to 44.4% in comparison to 
RT-PCR for H1N1. 43 Similarly, the study comparing DFA, 
rapid antigen test and RT-PCR showed that the former two 
tests have comparatively low sensitivity (38.7% and 18.2%, 
respectively) in comparison to RT-PCR, suggesting the 
confirmatory test as RT-PCR for H1N1 09. 44 

However, the DFA test requires skilled expertise for fluo- 
rescence microscopy. Furthermore, the DFA test is carried 
out in shift basis generally in the clinical settings, which pro- 
longs the turnaround time. Thus, it does not seem to be a 
suitable test in regard to clinical laboratory diagnosis of in- 
fluenza virus in comparison to PCR based assays. 



MOLECULAR METHODS 



Number of studies have reported that PCR-based assays 



overcome several demerits possessed by other techniques 
such as rapid influenza detection tests (RIDTs) and SVC 
with respect to sensitivity, specificity and time frame. 4546 
For both qualitative and quantitative approach of diagnosis, 
the RT-PCR is regarded as the king of diagnosis for the vi- 
ruses, including influenza virus. There are 2 types of RT- 
PCR. One step RT-PCR involves the use of oligo-dT or 
random primers for reverse transcription. Next is two step 
RT-PCR where reverse transcription is performed and then 
PCR is carried out. Briefly, RNA extracted from the influen- 
za sample is purified and transcribed using the oligonucle- 
otides specific to the target sequence, producing cDNA. 47 

The first PCR-based assay in detecting influenza virus 
was described in 1991 by Zhang and Evans. 48 Since then, 
many modifications and highly sensitive methods based on 
PCR have been developed. For instance, PCR-enzyme im- 
munoassay has been found to have better performance than 
the culture method in cases with 5-9 days of illness. 49 Simi- 
larly, RT-PCR followed by electrospray ionization mass 
spectrometry is able to detect the culture-unidentified virus- 
es. 50 When the H1N1 outbreak occurred in 2009, CDC rec- 
ommended the use of one step RT-PCR technique targeting 
the matrix gene of H1N1 09. 51 The type and subtype specif- 
ic detection methodology using this technique have been 
already described using the hemagglutinin gene as target in 
a single tube, which minimized the cost and time required 
to analyze the sample for each type and subtype of the in- 
fluenza virus. 49 Other PCR-based assays such as ResPlex II 
(Qiagen, Hilden, Germany), MultiCode PLx RVP (EraGen 
Biosciences, Madison, WI, USA), Seeplex RV (Seegene 
Inc., Seoul, Korea), NGEN RVA ASR (Nanogen Inc., San 
Diego, CA, USA), xTAG RVP (Luminex Molecular Diag- 
nostics, Toronto, Ontario, Canada), ProFLu+ (Prodesse Inc., 
San Diego, CA, USA) and ProFLu-1 (Prodesse Inc., San 
Diego, CA, USA) are also available. 22 Anong them, the lat- 
er three are approved by Food and Drug Administration 
(FDA) for the detection of respiratory viruses, including in- 
fluenza viruses. These multiplex RT-PCR techniques are 
highly sensitive and specific to give result in comparatively 
less time than the viral culture and EIA techniques. 

Considering the difference between PCR-based assays 
and other techniques such as RIDTs and SVC in the aspect 
of merits of diagnosis of influenza virus, PCR method seems 
to be effective. However, intensive research in medical di- 
agnosis has led even more effective diagnostic tools, based 
on PCR assays. For instance, nucleic acid sequence-based 
amplification tests are known to be more sensitive than the 
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RT-PCR tests for the detection of influenza virus. In this tech- 
nique, three enzymes are used, namely AMV-RT, T7 RNA 
polymerase and RNaseH. It can detect the H IN 1 09 in 90 
min with sensitivity and specificity of 100.0%. 52 Moreover, 
multiplex nucleic acid-based amplification test along with an 
enzyme-linked oligonucleotide capture has shown to rapidly 
and specifically detect a single virus, including influenza vi- 
ruses A and B from a multiplexed group, reducing laboratory 
testing time and enabling high throughput screening. 53 

Although nucleic acid-based amplification assays are found 
to yield better sensitivity in comparison to other methods, 
more other techniques are being studied by FDA. For in- 
stance, Verigene* Respiratory Virus Plus Nucleic Acid Test 
(RV+) (Nanosphere, Chicago, IL, USA), which is recently 
cleared by FDA, is an automated method for H1N1 09 di- 
agnosis with the sensitivity and specificity of 99.5% and 
100.0%, respectively. 54 Accordingly, Cepheid Company 
(Sunnyvale, CA, USA) developed a Flu A (Influenza virus) 
Panel test which is an FDA-cleared fully automated tech- 
nique for the detection in 45 min. 55 



DIAGNOSIS OF DRUG RESISTANT 
INFLUENZA INFECTION 



The knowledge on the genetic basis of resistance to drugs 
has provided molecular techniques to quickly detect the 
mutations conferring resistance to the drugs. For instance, 
one of the most widely used drugs against influenza infec- 
tion, oseltamivir resistance, arises due to histidine to tyro- 
sine substitution in the neuraminidase active site (H275Y). 56 
The techniques available to monitor the drug resistance in- 
clude neuraminidase inhibition assay, pyrosequencing, use 
of genotype specific primers, or real time RT-PCR, 56 all of 
which have been known to be time consuming. Sequencing 
methods such as pyrosequencing provide detailed genetic 
information about the resistance pattern and also estimate 
relative proportion of variant and wild-type viruses in a 
mixed population sample and can be applied directly in 
clinical setting. 57 However, they need additional steps after 
initial PCR, specialized person to operate the sequencing 
instruments and the softwares. 24 Real-time quantitative RT- 
PCR provides a rapid, highly sensitive, and specific alterna- 
tive to sequencing. 24 However, it is either specific for sea- 
sonal influenza A or needs multiple primers to detect H1N1 
09. 56 RT-PCR, combined with pyrogram techniques, has 
provided the detection of H275Y sequences in H1N1 09 



within 8 h with sensitivity similar to pyrosequencing meth- 
od for seasonal H1N1. 56 Similarly, cycling probe real-time 
PCR assay has been shown to provide test results within 3 
h after receiving the samples for resistance to oseltamivir 
and also to be able to detect both seasonal as well as H1N1 
09 viruses resistant to oseltamivir. 58 However, the major 
drawback is that new sets of primers and probes have to be 
developed in the event when a novel drug-resistant strain 
would emerge during treatment. 58 



CONCLUSION 



Influenza virus is a significant global health burden. Timely 
diagnosis and initiation of treatment reduce the stigma of 
the disease, and also helps in outbreak control. Sole inter- 
pretation by a clinician, based on the symptoms presented 
by a patient, is not specific, as the virus has symptoms com- 
mon to other known respiratory viruses. Therefore, clini- 
cians are always in need of a confirmatory test for the influ- 
enza infection as soon as the illness initiates. The culture 
methods are time-consuming and are not as sensitive and 
specific as to make clinicians to start with antiviral therapy. 
However, they are still being used in many laboratories, 
suggesting that the influenza diagnosis by culture methods 
needs substantial quality check and continuous monitoring 
to increase the quality of report. The fast and specific RIDTs, 
also called as point of care tests, are also not appropriate for 
the diagnosis of influenza virus because of their poor per- 
formance. However, they are simple, cheap, easily interpre- 
table and handy. If they had been showing similar or better 
performance than that of PCR-based assays, they would 
have been the major technique to detect the influenza virus. 
However, they too need to be studied well and improved to 
the extent where they can be used for accurate and specific 
diagnosis of the virus. 

Recent advancement in the PCR-based assays have be- 
come popular in advanced countries. However, we cannot 
deny the fact that these popular models also have several 
limitations, ranging from nucleic acid extraction to result 
interpretation. Even a negligible amount of error has poten- 
tial effect on the result interpretation of the highly sensitive 
tests. Therefore, they have also higher possibilities of yield- 
ing false positive results in comparison to viral culture meth- 
ods. Thus, validation of reagents, application of proper pos- 
itive and negative controls, and use of automation could 
reduce the chances of errors in molecular diagnosis of influ- 
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enza infection. On the other hand, cell culture methods and 
RTDTs should undergo standardization, quality assurance 
and quality control measures in order to validate the results. 
Hence, further studies are needed to validate the interpreta- 
tion of influenza virus diagnostic techniques. Besides many 
merits and demerits, PCR based-assays are so far suggested 
technique for the diagnosis of influenza virus. Therefore, cli- 
nicians should rely on the RT-PCR test results of patient and 
correlate with the clinical aspects of the patient. 



REFERENCES 



1 . Novel Swine-Origin Influenza A (H 1 N 1 ) Virus Investigation 
Team, Dawood FS, Jain S, Finelli L, Shaw MW, Lindstrom S, et 
al. Emergence of a novel swine-origin influenza A (H1N1) virus 
in humans. N Engl J Med 2009;360:2605- 15. 

2. Jeon EJ, Kim KH, Min KH. Acute eosinophilic pneumonia asso- 
ciated with 2009 influenza AfHINI). Thorax 2010;65:268-70. 

3. Monto AS, Kioumehr F. The Tecumseh Study of Respiratory Ill- 
ness. IX. Occurence of influenza in the community, 1966—1971. 
Am J Epidemiol 1975;102:553-63. 

4. Flasche S, Hens N, Boelle PY, Mossong J, van Ballegooijen WM, 
Nunes B, et al. Different transmission patterns in the early stages 
of the influenza A(HlNl)v pandemic: a comparative analysis of 
12 European countries. Epidemics 2011;3:125-33. 

5. Wright PF, Neumann G, Kawaoka Y. Orthomyxoviruses. In: 
Fields BN , Knipe DM, Ffowley PM, editors. Fields' virology. 5th 
ed. Philadelphia: Wolters Kluwer Health/Lippincott Williams & 
Wilkins; 2007. p. 1719-21. 

6. World Health Organization, (2010). Pandemic (H1N1) 2009-up- 
date 100. Available at: http://www.who.int/csr/don/2010_05_14/ 
en/index.html. 

7. Webster RG, Bean WJ, Gorman OT, Chambers TM, Kawaoka Y. 
Evolution and ecology of influenza A viruses. Microbiol Rev 
1992;56:152-79. 

8. Caley P, Becker NG, Philp DJ. The waiting time for inter-country 
spread of pandemic influenza. PLoS One 2007;2:el43. 

9. Cox NJ, Subbarao K. Influenza. Lancet 1999;354:1277-82. 

10. Fiore AE, Uyeki TM, Broder K, Finelli L, Euler GL, Singleton 
JA, et al. Prevention and control of influenza with vaccines: rec- 
ommendations of the Advisoiy Committee on Immunization Prac- 
tices (ACIP), 2010. MMWR Recomm Rep 2010;59:1-62. 

11. Centres for Disease Control and Prevention (CDC). Flu View: a 
weekly influenza surveillance report prepared by the influenza di- 
vision. Available at: http://www.cdc.gov/flu/weekly/pdf/Extemal_ 
F1119.pdf. 

12. Renaud C, Kuypers J, Aspesberro F, Rosenfeld M, Englund JA. 
Emergence of oseltamivir-resistant pandemic H1N1 in an immu- 
nocompetent child with severe status asthmaticus. J Asthma 20 1 1 ; 
48:572-5. 

13. Zhou J, Zou L, Zhang X, Liao J, Ni H, Hou N, et al. Adamantane- 
and oseltamivir-resistant seasonal A (H1N1) and pandemic A 
(H1N 1) 2009 influenza viruses in Guangdong, China, during 2008 
and 2009. J Clin Microbiol 2011;49:2651-5. 

14. Centers for Disease Control and Prevention (CDC). Role of Labo- 
ratory Diagnosis of Influenza. Available at: http://www.cdc.gov/ 



flu/professionals/diagnosis/labrole.htm. 

15. Lab Tests Online. Influenza tests. Available at: http://labtestson- 
line.org/rmderstanding/analytes/flu/tab/sample. 

16. Ward CL, Dempsey MH, Ring CJ, Kempson RE, Zhang L, Gor D, 
et al. Design and performance testing of quantitative real time 
PCR assays for influenza A and B viral load measurement. J Clin 
Virol 2004;29:179-88. 

17. Chen MI, Barr IG, Koh GC, Lee VJ, Lee CP, Shaw R, et al. Sero- 
logical response in RT-PCR confirmed H1N1-2009 influenza a by 
hemagglutination inhibition and virus neutralization assays: an 
observational study. PLoS One 2010;5:el2474. 

18. Allwinn R, Geiler J, Berger A, Cinatl J, Doerr HW. Determination 
of serum antibodies against swine-origin influenza A virus 
H IN 1/09 by immunofluorescence, haemagglutination inhibition, 
and by neutralization tests: how is the prevalence rate of protect- 
ing antibodies in humans? Med Microbiol Immunol 2010;199: 
117-21. 

19. Centres for Disease Control and Prevention (CDC). Seasonal In- 
fluenza (Flu). Guidance for Clinicians on the Use of Rapid Influ- 
enza Diagnostic Tests. Available from URL: http://www.cdc.gov/ 
flu/professionals/diagnosis/clinician_guidance_ridt.htm. 

20. Treanor JJ. Influenza virus. In: Mandell GL, Bennett JE, Dolin R, 
editors. Principles and Practice of Infectious Disease. 2nd ed. 
Philadelphia, PA: Churchill Livingstone; 2005. p.2060. 

21. Lopez Roa P, Catalan P, Giannella M, Garcia de Viedma D, San- 
donis V, Bouza E. Comparison of real-time RT-PCR, shell vial 
culture, and conventional cell culture for the detection of the pan- 
demic influenza A (H1N1) in hospitalized patients. Diagn Micro- 
biol Infect Dis 201 1 ;69:428-3 1 . 

22. Mahony JB. Detection of respiratory viruses by molecular meth- 
ods. Clin Microbiol Rev 2008;2 1 :7 16-47. 

23. Zhimov OP, Ikizler MR, Wright PF. Cleavage of influenza a virus 
hemagglutinin in human respiratory epithelium is cell associated 
and sensitive to exogenous antiproteases. J Virol 2002;76:8682-9. 

24. Operario DJ, Moser MJ, St George K. Highly sensitive and quantita- 
tive detection of the H274Y oseltamivir resistance mutation in sea- 
sonalA/HlNl influenza virus. J Clin Mcrobiol 2010;48:3517-24. 

25. Matthey S, Nicholson D, Ruhs S, Alden B, Knock M, Schultz K, 
et al. Rapid detection of respiratory viruses by shell vial culture 
and direct staining by using pooled and individual monoclonal an- 
tibodies. J Clin Microbiol 1992;30:540-4. 

26. Microlab. Performance Evaluation of R-Mix™, R-MixToo™ & 
PLC for the Detection of Respiratory Viruses. Available at: http:// 
www.microgenbioproducts.com/pdf/Microlab%20Newsletters/ 
MLAB_021.pdf. 

27. Higgins AD, Shaw CJ, Johnson JG, Navarro A, Chapman NA, 
Ewers SD, et al. Monoclonal antibody kit for identification of the 
novel 2009 H1N1 influenza A virus. J Clin Microbiol 2010;48: 
2677-82. 

28. Centers for Disease Control and Prevention (CDC). Seasonal In- 
fluenza (Flu). Rapid Diagnostic Testing for Influenza. Available at: 
http://www.cdc.gov/flu/professionals/diagnosis/rapidlab.htm. 

29. Lucas PM, Morgan OW, Gibbons TF, Guerrero AC, Maupin GM, 
Butler JL, et al. Diagnosis of 2009 pandemic influenza A (pH 1 N 1 ) 
and seasonal influenza using rapid influenza antigen tests, San An- 
tonio, Texas, April- June 2009. Clin Infect Dis 201 1 ;52 Suppl 
LSI 16-22. 

30. Ruuskanen O, Lahti E, Jennings LC, Murdoch DR. Viral pneumo- 
nia. Lancet 2011;377:1264-75. 

31. Landry ML. Diagnostic tests for influenza infection. Curr Opin 



yonsei Med J http://www.eymj.org Volume 54 number3 may2013 



565 



Dae-Ki Kim and Barun Poudel 



Pediatr 2011;23:91-7. 

32. Faix DJ, Sherman SS, Waterman SH. Rapid-test sensitivity for 
novel swine-origin influenza A (H1N1) virus in humans. N Engl J 
Med 2009;361:728-9. 

33. Vasoo S, Stevens J, Singh K. Rapid antigen tests for diagnosis of 
pandemic (Swine) influenza A/H IN 1. Clin Infect Dis 2009;49: 
1090-3. 

34. Al Johani SM, Al Balawi M, Al Alwan B, Al Hefdhi R Hajeer A. 
Validity of two rapid point of care influenza tests and direct fluore- 
cence assay in comparison of real time PCR for swine of origin 
Influenza virus. J Infect Public Health 2011;4:7-11 . 

35. Tsao KC, Kuo YB, Huang CG, Chau SW, Chan EC. Performance 
of rapid-test kits for the detection of the pandemic influenza AJ 
H1N1 virus. J Virol Methods 2011;173:387-9. 

36. Choi WS, Noh JY, Huh JY, Kee SY, Jeong HW, Lee J, et al. The 
clinical usefulness of the SD Bioline Influenza Antigen Test® for 
detecting the 2009 influenza A (H1N1) virus. Yonsei Med J 
2011;52:683-5. 

37. Heinonen S, Silvennoinen H, Lehtinen P, Vainionpaa R, Heikkin- 
en T. Feasibility of diagnosing influenza within 24 hours of symp- 
tom onset in children 1 -3 years of age. Eur J Clin Microbiol Infect 
Dis 2011;30:387-92. 

38. Stripeli F, Sakkou Z, Papadopoulos N, Georgiou V Gratsia P, 
Christodoulou I, et al. Performance of rapid influenza testing in 
hospitalized children. Eur J Clin Microbiol Infect Dis 2010;29: 
683-8. 

39. Sadeghi CD, Aebi C, Gorgievski-Hrisoho M, Muhlemann K, Bar- 
bani MT. Twelve years' detection of respiratory viruses by immuno- 
fluorescence in hospitalised children: impact of the introduction of a 
new respiratory picornavirus assay. BMC Infect Dis 20 1 1 ; 1 1 :4 1 . 

40. Centers for Disease Control and Prevention (CDC). Interim Rec- 
ommendations for Clinical Use of Influenza Diagnostic Tests Dur- 
ing the 2009-10 Influenza Season. Available at: http://www.cdc. 
go v/h 1 n 1 flu/ guidance/diagnostic_tests.htm. 

41. Pollock NR Duong S, Cheng A, Han LL, Smole S, Kirby JE. 
Ruling out novel H1N1 influenza virus infection with direct fluo- 
rescent antigen testing. Clin Infect Dis 2009;49:e66-8. 

42. Lee JH, Shin SR, Cho JH. Evaluation of direct immunofluores- 
cence test with PCR for detection of novel influenza A (H1N1) vi- 
rus during 2009 pandemic. Yonsei Med J 201 1;52:680-2. 

43. Pianciola L, Gonzalez G, Mazzeo M, Navello M, Quidel N, 
Bulgheroni MR [Direct immunofluorescence assay performance 
in diagnosis of the Influenza A(H1N1) virus]. Rev Panam Salud 
Publica 2010;27:452-4. 

44. Ganzenmueller T, Kluba J, Hilfrich B, Puppe W, Verhagen W, 
Heim A, et al. Comparison of the performance of direct fluores- 
cent antibody staining, a point-of-care rapid antigen test and virus 
isolation with that of RT-PCR for the detection of novel 2009 in- 
fluenza A (H1N1) virus in respiratory specimens. J Med Microbiol 
2010;59(Pt6):713-7. 

45. Freymuth F, Vabret A, Brouard J, Toutain F, Verdon R Petitjean J, 



et al. Detection of viral, Chlamydia pneumoniae and Mycoplasma 
pneumoniae infections in exacerbations of asthma in children. J 
Clin Virol 1999;13:131-9. 

46. Vabret A, Sapin G, Lezin B, Mosnier A, Cohen J, Burnouf L, et al. 
Comparison of three non-nested RT-PCR for the detection of in- 
fluenza A viruses. J Clin Virol 2000; 17:1 67-75. 

47. Wang R, Taubenberger JK. Methods for molecular surveillance of 
influenza. Expert RevAnti Infect Ther 2010;8:517-27. 

48. Zhang WD, Evans DH. Detection and identification of human in- 
fluenza viruses by the polymerase chain reaction. J Virol Methods 
1991;33:165-89. 

49. Ellis JS, Fleming DM, Zambon MC. Multiplex reverse transcrip- 
tion-PCR for surveillance of influenza A and B viruses in England 
and Wales in 1995 and 1996. J Clin Microbiol 1997;35:2076-82. 

50. Chen KF, Blyn L, Rothman RE, Ramachandran P, Valsamakis A, 
Ecker D, et al. Reverse transcription polymerase chain reaction 
and electrospray ionization mass spectrometry for identifying 
acute viral upper respiratory tract infections. Diagn Microbiol In- 
fect Dis 2011;69:179-86. 

51. Carr MJ, Gunson R, Maclean A, Coughlan S, Fitzgerald M, Scully 
M, et al. Development of a real-time RT-PCR for the detection of 
swine-lineage influenza A (H1N1) virus infections. J Clin Virol 
2009;45:196-9. 

52. Ge Y, Cui L, Qi X, Shan J, Shan Y, Qi Y et al. Detection of novel 
swine origin influenza A virus (H1N1) by real-time nucleic acid 
sequence-based amplification. J Virol Methods 2010;163:495-7. 

53. Lau LT, Feng XY, Lam TY, Hui HK, Yu AC. Development of mul- 
tiplex nucleic acid sequence-based amplification for detection of 
human respiratory tract viruses. J Virol Methods 2010;168:251-4. 

54. Nanosphere. Verigene® Respiratory Virus Plus Nucleic Acid Test 
(RV+). Available at: http://www.nanosphere.us/VerigeneRespira- 
toryVirusPlusNucleicAcidTestRV_5320.aspx. 

55. Cepheid. Cepheid Announces Accelerated Development of Flu A 
Panel Test. Available at: http://www.cepheid.com/company/news- 
events/press-releases/index.cfm?releaseID=1329451. 

56. Bao JR, Huard TK, Piscitelli AE, Tummala PR, Aleemi VE, Coon 
SL, et al. Reverse-transcription polymerase chain reaction/pyrose- 
quencing to characterize neuraminidase H275 residue of influenza 
A 2009 H1N1 virus for rapid and specific detection of the viral os- 
eltamivir resistance marker in a clinical laboratory. Diagn Micro- 
biol Infect Dis 201 1 ;7 1 :396-402. 

57. Hurt AC, Chotpitayasunondh T, Cox NJ, Daniels R, Fry AM, 
Gubareva LV, et al. Antiviral resistance during the 2009 influenza 
AH1N1 pandemic: public health, laboratory, and clinical perspec- 
tives. Lancet Infect Dis 2012;12:240-8. 

58. Suzuki Y, Saito R, Sato I, Zaraket H, Nishikawa M, Tamura T, et 
al. Identification of oseltamivir resistance among pandemic and 
seasonal influenza A (H 1 N 1 ) viruses by an His275Tyr genotyping 
assay using the cycling probe method. J Clin Microbiol 2011;49: 
125-30. 



566 



Yonsei Med J http://www.eymj.org volume54 number3 may2013 



